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Birth of Modern Electronics 1947

AT&T Bell Laboratories -- Invention of Point Contact Transistor
William Shockley, Walter Brittain, and John Bardeen
Winners of the 1956 Nobel Prize in Physics
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P-well
P-epi

P-wafer
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VLS| PROCESSES

Deposition Process
Lithography Process
Etching Process
Doping Process
CMP Process
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CVD Processes

« APCVD
« LPCVD

« PECVD
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Plasma Enhanced CVD System
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Step Coverage

» A measurement of the deposited film
reproducing the slope of a step on the
substrate surface

* One of the most important specifications
— Sidewall step coverage
— Bottom step coverage
— Conformality
— Overhang
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Void Formation Process
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@ Dielectric
X Dielectric
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Dielectric
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Step Coverage of TEOS and Silane Oxide

TEOS
Si(OC2H5)4

Silane
SiH4

P = lmJﬁt/ 71

Silane Safety
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VLSI PROCESSES

Thermal Process
Deposition Process

Etching Process
Doping Process
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v Projection v
Lens

Wafer
Wafer Stage
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Light Source {

Reticle Stage ——— »

Interferometer
Laser

Interferometer

Mirror Set
Wafer
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VLS| PROCESSES

Thermal Process
Deposition Process
Lithography Process

Doping Process
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» Etching Rate

 Uniformity
» Selectivity
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Substrate Substrate
Anisotropic Isotropic
PR PR PR | | PR |
Substrate Substrate

Anisotropic, tapered Anisotropic, Undercut
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Loading Effect

Substrate
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VLS| PROCESSES

Thermal Process
Deposition Process
Lithography Process
Etching Process
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Doping Process

* Diffusion
 lon Implantation
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Silicon
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Gate Mask
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Photoresist
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Gate Mask Exposure
Gate Mask

7

v

 ARERRR

97

Development/Hard Bake/Inspection

y 4
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Etch Polysilicon

Polysilicon
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Etch Polysilicon, Continue

Gate Oxide Polysilicon
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Strip Photoresist

Gate Oxide Polysilicon
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lon Implantation

Gate Oxi Polysilicon

Source/Drain
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Rapid Thermal Annealing

Gate Oxide Polysilicon Gate

Source/Drain
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CMP Process

Metal 6

Aspect Ratio - - | Metal 5
(T/W) =1.6N1 |

Metal 4

| | Metal 3
| Metal 2
Metal 1

ITransistors

Intgl. 6 Layers of Damascene Copper
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